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? ’ R } ABSTRACT

Samples representative of 35,000 gallons of MIL-L-7808 oil which had

deteriorated during storage were examined. All contained insoluble matter
and two were corrcsive to lead. Methods of recliaiming these oils with

adsorbents were investigated; only a chromatogrephic grade alumina

efficiently removed the lead-corrosive component. The antioxidant and
antifoam agents were not removed by this process, since the treeted oil

successfully passed the pertinent tests.

It is estimated the deteriorated oil may be reclaimed for approximately
20 percent of its current replacement cost. This figure is based on

mterials cost and losses during processing; it does not include handling

and packaging charges. A treatment process is recommended. ! ~—
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- PROBLEM STATUS

This is an interim report; work on the problem is continuing.
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RECLAIMING OF DETERTORATED SPECIFICATION MIL-L-7808
ATRCRAFT GAS TURBINE OILS

INTRODUCTION

A major problem associated with Specification MIL-L-780¢ lubricants (1)
has been poor long-term storage stability. The most frequent manifestations
of this phenomenon are color changes, development of insoluble materials,
rusting of interior container walls, and onset of lead corrosivity. It has
been established that this corrosivity to lead is not an inherent property
of the MIL-L-7808 formulation, but rather is a result of the formation of
a half ester (2). Impurities associated with the customary sntiwear agent
tricresyl phosphate are believed to promote formation of the half ester.
Unpubliched date from other laboratories have indicated that more careful

quality control of the additive, cr its replacement, would greatly increase the

storage stability of the oil.

This activity was informed by the Burezu of Aeropautics that approximately
35,000 gallons of MIL-L-T808 oil hed deteriorated in storage. The oil had been

procured from three quelified suppliers and had been in storage for periods of
up to two years. At a conference held in September 1956, BUAER requested that
this activity examine the subject oils to determine their condition. In the

event that they had Geteriorated, it was further requested that the feasibility

of reclaiming the oils be explored.

In accordance with the sbove directive, three~5-gallon conteiners of
MIL-1-7808 0il were shizped by the Norfolk Naval Bese to this Laboratory in
October 1956. There was one sample from each of the three suppliers. The
0ils were identified as follows:

Liubricating 0il, Aircraft, Gas Turbine Engine
MIL-I-T808B AM-1 WS 9150-227-0184

American 0il and Supply Co. Newark, N. J.

7/55 ASP 12312 15 3Rand HCo.  Wi. 43.7

ILubricating 0il, Aircraft, Jet Engine
MIL-1-7808B

Esso Std. 0il Co. Iinden, N. J.
12/5h  ASP-1060k 50

Lubricating 0il; Aircraft, Jet Engine
MIL-1-7808B Peunla 0il Co. Linden, N. J.
12/54  ASP-1065T7 LY

For convenience, the American 0il and Supply Compaeny oil will be referred to
as 011 "A", and those of the Esso Standard Cil Compaeny and the Fenola Oil
Company as Oils "E" and "P" respectively.

(1) Spec;.fi.iat;:: ?'111.-1.-7808(: "Lubricating 0il, Aircraft Turbine Engine,
Synt etilce e
(2) WADC Report “"Study of High Iead Corrosion", G. A. Beane, 23 February 1956
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LABORATORY EXAMINATION OF OILS

0il "A" was clear ard light amber in color, but contaired a small
quantity of a finely divided black sediment. The vertical inner seam
of the uncoated steel container was slightly corroded. Oil "E" was derk
red-brown and contained a moderate quantity of fine dark insoluble material,
The color of Oil "P" was also dark red-brown, but it contained & greater
quantity of insoluble material than did O0il "E". The interiors of the
containers of both 0ils "E" and "P" were badly corroded.

A portion of each oil was filtered through & fritted glass funnel, In
every instance the insolubles were comprised of an organic and an inorgenic
component, since upon ignition on platinum foil, the neterial burned
leaving a reddish residue. The nature of the latter strongly suggested
ircn oxide which probably owed its presence to corrosion of the containers
by a slight amount of dissolved water, It will be recalled, in this
connection, that MIL-L-7808 oils do not contain a rust inhibitor.

0ils "A", "E", and "P" conformed to the requirements of Specification
MIL-1-7808C as regards viscosity, ASTM evaporation loss, pour point, and low-
temperature storage stability, Figure 1. The neutralization numbers of Oils
"A", "E", and "P" were 0.40, 0.24, and 0.20 respectively. ~0il "A" wes the
only fluld tested for its tendency to foam; it conformed to the specification
requirement. All oils passed the specification (1) corrosion and oxidation
stability test, Figure 2. None of the oils were corrusive to copper and
silver under the specified test conditions (1), since the maximum weight loss
was only 0,6 mg/in~. The specification permits a weight loss of up to 3.0 ng.

Iesd corrosivity was determined according to the S.0.D. lead corrosion
test of Specification MIL-L-7808C; results are s in Figure 3. The
specification permits a lead weight loss of 6 mg/in“. O0il "A", with an
8.0.D. corrosion mumber of 61, was the most corrosive; Oil "pP", with a
corrosion number of less than 0.1 ng/in?- s was the least corrosive. Although
the lead corrosivity of Oil "E", 3.7 mg/in®, was within specification limits,
previous data from WADC (2) have indicated that such a value usually connotes
an actively deteriorating oil. This was confirmed by repeating the S.C.D.
corrosion tests on the subject oils 60 days after their arrival at this
Isboratory. The corrosion number of Oil "B" had increacad from 3.7 to
5.2 ,ﬁ{ o, varely conforming to the specification requirement. O0ils

a P" showed less significant changes. At the present time, there-
fore, 0il "P" remains the only one to be essentially noncorrosive to lead.

EXPERIMENTS ON RECLAIMING CORROSIVE OILS
¢ Experience at this Laboratory has demonstrated the effectiveness of a

variety of solid adsorbents to remove minor concentrations of polar impurities
from organic liquids. The most useful of these materials have been silica gel,
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fuller's earth, aluminum oxide, and Florisil. Silica gel is not recommended
for alkyl esters because of the pessibility of promoting decomposition. In
general, Florisil is not as effective for the purification of alkyl esters

as are fuller's eartk and alumina. The half ester, believed to be the
corrosive component in deteriorated MIL-L-7808 oils (2), is of a type usuelly
selectively adsorbed by fuller's earth, alumina, and Florisil., A qualitative
preliminary investigation confirmed the value of tkhe adsorption technique for
reclaiming deteriorated MIL-I-7808 oils(3).

To conserve the test fluids, their corrosivities to lead were determined
by a static test which required only 60 ml of oil, rather than the 500 ml
required by the S.0.D. procedure {1). The static test (3) consisted of
suspending copper and Jead specimens in the unstirred test oil for seven
and one-half hours at 163°C, and then determining the extent of lead loss.

It had been determined earlier that Florisil was not particularly
effective in reducing the lead corrosivity of a deteriorated MIL-L-7808
oil (3). Attention was therefore Girected, in the present investigation,
towards fuller's earth and alumina, O0il "A", the most corrosive of the subject
oils, was used as the reference fluid. The fuller's earth was a commercial
grade, produced by the Attapulgus Clay Company, and designated "Grade A, Low
in Volatile Matter, 60 to 90 mesh",. The alumina was produced by the Aluminum
Compeny of America, and designeted "Chromatographic Grade F-20, 80 to 200
mesh", Both adsorbents had been stored for many years in tbhe laboratory
in loosely closed containers from which no provision had been mede to exclude
moisture. Before use, therefore, these materials were activated at 260°C
for three hours, and then stored at 190°C. Two-3/%4 inch I. D. glass
chromatographic columns were assembled, each conteining 10 g of adsorbent.
Since the fuller's earth was less dense than was the alumina, its height
in the column was approximately twice that of the latter material. Sufficient
0il was continually passed through the columns to assure depletion cf
adsorption ability. Percolate fractions were collected at intervals, and
their corrosiveness determined by the static test. Resul¥s are shown in

Figure 4,

The original static corrosion loss of 0il "A" was T.h mg/ina. The
first 130 ml to pass through the alumina were noncorrosive 3 The fraction
from 130 to 350 ml exhibited slight corrosivity, O.4 mg/in“. The final
fraction, 350 to 415 ml, wac as corrosive as was the original oil. Fuller's
earth proved to be less effective than was alumina, Altbough the first
130 mi fraction was noncorrosive, the following €5 ml caused a lead loss of
0.8 mg/in?; the final 65 ml fraction, 195 to 260 ml, approached the origimal
oll in corrosivity. The percolate from the treatment with fullerts earth
was considerably lighter in color than was the originel oil, while the

adsorbent itself assumed various hues of red, green, and blue. This discoloration

of the fuller's earth indicated at least a partial removel of the antioxidant,
probably phenothiazine. The percolate from the alumine treatment, on the
other hand, had ebout the same color demsity as the original fluid, and the
alumina was only slightly darkened, indicating that little if any inhibitor
was removed. Another conclusion to be drawn from these experiments was that

(3) NRL tr 6170-221/56 mew of 2 October 1956

3

e s i opg

o e $1 antt an £y e am o

s e+ ————

¥
1

.

s

KR

T




B

under the stated conditions, the transition period between complete and
incomplete removal of the corrosive component was relatively short.

In practice, pet >leum fractions having viscosities of the same
order as MIL-L-7808-type oils are generally treated with adsorbents by
a contact rather than a percolation process, To obtain intimate ccntact
between the liguid and the adsorbent in the contact process, mechanical
or air sgitatior is employed. The speant solid adsorbent is removed by
filtration. Based on the sbove, a lasboratory contact procedure wes
devised to treat the corrosive oils. Two g of either alumina or of
fuller's earth, activated as described, were added to separate 100 ml
portions of Oil "A", To compare the efficacy of & strongly basic material
with those of the other adsorbents, a third 100 ml portion of Oil "A" was
treated with two g of analytical grade snhydrous sodium carbonate. The
three samples were gravity-filtered through a fritted glass funnel, using
Celite as a filtering aid. Results are shown in Figure k.

With the use of alumina, the static corrosion number decreased from
T4 to 0.2 ne/:l.n2 ; with fuller's earth, the static corrosion number was
5.8 mg/in®. The sodium carbonate treatment appeared o be completely
ineffective since the treated oil was as corrosive as was the originmal,
despite the large decrease in neutralization number. Of the materials
examined, then, alumina was the most effective, confirming the results
obtained with the percoletion procedure. The minimum quantity of alumina
necessary for successful treatment of the oil appeared to be of the order
of 2 ¢ to 100 m (1 to 45 by weight).

. On the basis of these promising results, sufficient oil for & stendard
8.0.D. test was trested with alumina according to the above procedure,
i.e,, intimate mixing for 16 hours followed by filtration. “wo T00-ml
samples of 01l "A" were treated respectively with 21 and 63 g of alumina,

% and 10 percent on a weight basis, Results sre shown in Figure 3. After
treatment with the smeller a -0il ratio, the $.0.D. corrosion numver
had decreased from 61 to 6 mg/in~. With the 1 to 10 alumina-oil ratio, the
8.0.D. corrosion nuwiber decreased to only 0.1 mg/in2. Use of this higher
alumina to oil ratio appeareddesirable to ensure complete removal of the
corrosive component. Recovery of oil under the latter conditions was
approxiuately 90 percent; use of pressure o# suction during filtration
would probably increase the yield to sbout 95 percent.

In an attempt to simplify the procedure, the alumina was not reactivated,
but used as stored, and comtact time reduced to three hours. By employirg
this procedure the S.0.D. corrosion number of 01l "A" was reduced to 0.2 mg/in® »
the alumina to oil ratio again being 1 to 10, Figure 3., It is evident, there-
fore, that Alcoa chromatographic alumira F-20 mey be emplcyed as received
from the manufacturer, and that contact time with the oil need not be for
more than & few hours duration, provided intimate mixing is obtained,

while alumina in sufficient quantity was patently effective in removing
the lead corrosivity of 0il "A", the possibility remmined that additives,
perticularly the antioxidant and the antifoam agent, were likewise removed by
this treatment. To investigate the first of these contingencies, a portion of
the filtrate from an alumina-oil slurry (alumina 10 percent by weight,
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activated at 260°C, contact time 16 hours ) was subjected to the Specitication
MIL-L-7808 corrosion-oxidation test. As shown in Figure 2, the oil conformed
to the requirements of the specification in every particular, and appeared

s

to be at least as stable as was the original fluid., This confirmed the §?§
conclusion reached after the percolation experiments, i.e., alumina did not % i
adsorb the oxidation inhibitor. As regards the second contingency, the treated %“g E
cil displayed no greater tendency to foam than it did before the contact 5
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procedure, Figuwre 1,
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Having demonstrated that chromatographic alumina cculd remove the lead-
corrosive component of Oil "A" without serious depletion of the oxidation
inhibitor and antifoam agent, it was of interest to determine whether an
even more detericrated oil could be similarly recleimed. The properties of
such an 0il (4), Coded Oil "W", are showa in Figures 1 and 3. Its neutralization
mmber wvas significently large, 2.98, and its S.0«D. lead corrosion number
was 230 mg/ in®, When subjected to the specification corrosion-oxidation test, .
the magnesium and copper specimens each lost approximately 5 mg/cm2 » and the 3
viscosity increase of 14.7 cs at 100°F was barely within the specification
limit, Figure 2.

PPN o, 10 T8 e U L4
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Three T0O-ml portions of Oil "W" were contacted with 3, 10, and 30 weight per-
gent of activated alumina, and then filtered., The results of S.0.D. corrosion :
vests on the filtrates, Figure 3, indicated that the smallest concentration of s :
alumina had essentially no effect on corrosivity, 10 percent of alumina
decreased the lead corrosivity by a factor of 2, and 30 percent of alumina
resulted in complete removal of the corrosive couponent. That more alumina ;
was required to treat Oil "W" than Oil "A" is understandsble in view of the i ]
greater corrosivity of the former.

- ‘&%iw}&v‘w "v.,.,?n‘,(}?z;
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The corrosion-oxidetion stebility of Oil "W" was determinel atter &
. treatment with activated alumina (30 weight percent). ‘lthough the original
: fluid had not been stable, it now conformed to the specification reyuirements, 4
Figure 2. At the conclusion of the T2 hour test period, the neutralization
nunber was 0.8 (as compared to 3.0 before treatment with alumina), the viscosity 3
change was one percent at 100°F, and metal catalyst weight losses were all less
than 0.1 mg/cmz. It is probable this unanticipated improvement in oxidation _
stability was a consequence of the reduction of oil acidity by the alumina .
treatment. Contacting MIL-I-T808 o0il with as much as 30 percent alumina :
evidently removed little, if any, more of the oxidation inhibitor than did
10 percent.

]
%
y The chromatographic alumine employed in the previous experiments is a
! relatively expensive., It was therefore of interest to determine whether

M less costly alumins would be equelly efficacious for reclaiming the subject ‘
orls., Accordingly, two technical grades of alumina were first examined, they v .
were identified as follows: !

Aluminum Ccmpany of America ;
Technical Alumine A-14 \

i and

Fisher Laboratory Chemical ES
Aluminum QOxide, Anhydrous, Technical 3

(4) NRL 1tr rpt 6170-56A/56 mew of 8 Feb 1956 “laboratory Examination of
WADC 0il Coded B/2 AF 60899 St No. 56-217314",
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In 10 weight percent concentration, each of these materials was contacted
with separate portions of 0il "A" for 16 hours, and then filtered. 5.0.D.
corrosion numbers on the oils treated with the .lcoes and the Fisher aluminas
were 4T and 68 respectively, Figure 3. Activation of the aluminas at 260°F
resulted in even larger corrosion numbers.

Two reagent grade aluminas were next tested for their ability to remove
the corrosive component of O0il "A". They were identified as follows:

Fisher's Certified Reagent
Aluminum Oxide, Anhydrous

and

Aluminum Oxide, C.P.
Ignited Powder
General Chemicsl Compeny Baker and Adamson Quality.

After treatment with the Fisher alumina as received, the corrosion
nunber of Oil "A" decreased from 61 to %8 mg/in®, Figure 3., Activation of
the alumina hed no beneficiel effect. On the other hand, the Genersl Chemical
Compeny alumina appeared to be as efficacious as was the Alcoa chromatogrephic
grade. Using only three weight percent of the former, the S,0.D. corrosion
nunber of Oil "A" decreased to 1.5 mg/in® &fter 16 hours contact time.
Increasing the quantity of alumina to ten weight percent resulted in an even
smaller value, 0.6 ng/ing.

The discrepancy between the results obtained with the reagent grade
aluminas is not understood. The General Chemical Company materisl was quite
old, probably predating World War II. Tt is very possible the alumina wes
actually a chromatographic grade, but it was not Peasible to trace its history.
On the basis of the results obtained in this investigation, it does not appear
that grades of alumine other tinan chromatographic are suitable for reclaiming
corrosive MII~L1-7838 oils.

COST OF MATERIALS ESTIMATE

In the present study, the only alumina studied which was definitely
ascertained to be a chrometographic grade was Alcoa F-20, This material was
therefore used as the basis of a cost estimete to reclaim the subJject oils.
Although the three oils differ in corrcsivity, the relative guantity on hand
from each manufacturer is not known. Cost estimates were therefore based on
the reclaiming of 01l "A", the most corrosive of those examined. Assuming that
all of the oil (35,000 gallons or 267,000 pourds) is to be reclaimed, 26,700
pounds of alumina would be required, using a sne to ten proportion bty weight
of alumina to oil. The present price of Alcoa F-20 alumina in lots of 10,000
t07%0,000 pounds, in waterproof 100 pound paper begs, is 85 cents per pound,
f.o.b. S5t. Louis, Mjssouri. 1In 325 pound stefel drums, the cost is 86 cents
per pound. Shipping charges to the east coast ere estimated at two cents
per pound. Thus the cost of the delivered material would be either §#23,200 or
¢23,500 depending upon the shipping containers. For purposes of this
estimate, the delivered alumina will be assumed to cost $23,400.

With a minimum oll recovery of 95 percent, the processing of 35,000
gallons would yield 33,250 gallons, a loss of 1750 gallons. Assuming a price
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of ¢5.00 per gellon for MIL-I-7808 oil, the present replacemeunt cost of the
corrosive oil is $175,000. The 1750 gallon loss sustained during processing
represents $8750. When the cost of the alumina, #3,400, is added to that
of the oil lost during treatment, the totel, $32 »150,represents the cost

of reclaiming the oil, exclusive of handling and packaging charges. The
latter cherges have not been included in this report since insufficient
information is availsble to make a realistic estimate.

DISCUSSION

The present investigation has demonstrated that, for a moderate
expeniiture for materials, lead-corrosive MIL-I-7808 oils from the American
0il and Supply Company, and the Esso Standard Oil Company mey be rendered
noncorrosive and -usaeble. Although the Penola 0il Company fluid is now
noncorrosive, it is contaminated with particles of rust and other #nsoluble
matter. Since this oil would in any event require filtration end repacksging,
it would appear advisable that it also be treated with alumina to forestall
the possible development of lead corrosivity. The Esso and Penole oils
night require less alumina for their treatment than does the American 0il
and Supply fluid, but this would require confirmation by laboratory tests.

There is at present no known relisble method for predicting the storage
stability of MIL-L-7808 oils as regards lead corrosivity. While there is:
every reason to assume that treatment of the subject oils as described will
render them at least as stsble in this respect as are newly formulated oils,
it is nevertheless true that there are no data to substantiate this belief,
It would therefore be advisable to use the processed oils within = reasonsble
period after packaging, say six months.

Although nominally compatible, the subject cils may coutain either
different additives or the seme additives from different sowrces. To forestall
any possible interaction, it may be advisable to process aind package the oils
separately. It is possible that treatment of these oils removes not only the
corrosive component but also the agent which promotes its formation. There-
fore, a portion of each processed oil should be set aside to follow its
storage stebility.

SWMMARY AND CONCLUSIONS

Samples of MIL-L-TE08 oils from the American Oil and Supply Compeny, the
Esso Standard Oil Company, and the Penola 0il Compeny, coded oils "A",
"E", and "P" respectively, were examined. These oils, said to be unusable, were
representative of 35,000 gallons packeged in 5-gallon steel drums. All container .
luteriors were corroded to varying degrees, perticularly at the seams, and the
oils contained some sediment and suspeaded matter. The fluids conformed to
Specification MIL-1-7808 as regards viscosity, pour point, storage stability,
coprer and silver corrosion, ASTM evaporation loss &t LOO°F, and corrosion-
oxidation stability. O0il "A" was highly corrosive to lead, but 0il "P" was
satisfactory in this respect. The lead corrosivity of 0il "E" became marginal
during the period covered by the investigation.

7




Exploratory work with adsorbents, utilizing both percolation and contact
processes, indicated the feasibility of reclmiming the most corrosive of the
fluids, 011 "A", The most efficient of the adsorbents investigated was
Alcoa chromatographic grade alumina F-20, Currently availsble grades of
alumina less expensive than chromatographic did not reduce the corrosivity
of 011"A", even after their activation. An older sample of reagent grade
alumina did reduce corrosivity, but its history amd current availsbility
are not knowr. Fuller’s :srth was not only less effective than was
chromatographic alumina, but it also removed an undetermined quantity of
the oxidation inhibitor.

The experimental method developed for treatment of the corrosive oil was
to contact it with one tenth its weight of chromatographic alumina for three
hours, followed by filtration. It did not appear necessary to activate the
alumina, Oil "A", treated in this menner, was noncorrosive to lead under the
conditions of the S.0.D. test. It conformed to both the corrosion-oxidation
stability and the defoaming requirements of Specification MIL-1-7808, indicating
the pertinent additives required no replenishment, These results were confirmed
by similarly treating & highly corrosive and oxidation-unstable oil with 30
veight percent of chromatographic alumina, The treated oil was both oxidation-
stable and noncorrosive to lead.

Based on current material prices, g3 ,400 worth of alumina will treat
35,000 gallons of MIL-L-7808 0il whose replacement cost is approximately
$175,000. Since recovery is estimated at 95 percemt, $8,750 worth of

o1l would be lost during processing, bringing total costs to $32,150
exclusive of hanlling and packaging crarges. Oils "E" and "P" might require
less alumine than that recommended for Oil "A", resulting in lower material
costs. The optimum quantity required for the former oils could be determined
by laboratory tests.

Tc forestall possible interaction of additives, the oils from different
sources should be processed and packaged separately, In addition to removing
the corrosive component, treatment with alumina mey possibly remove the agent
responsible for its formation. This could best be determined by following the
storage stability of the treated oils.

RECOMMENDATIONS
IX it be decided to reclaim the subject oils, it is recommended that:

a. Alcoa chromatogrephic alumina F-20, or its equivalent, be
employed as the adsorbent, according to the procedure outiined
in Appendix 1.

The efficacy of the alumina chosen be verified by laboratory
tests before vse,

The subject oils be treated and packaged individually. Before
packaging, however, each batch should be tested for corrosion-
oxidation stability and lesd corrosivity.

8
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The oils be used within a reasonable period after treatment.

Samplec of the treated oils be set aside for storage

stability studies.

PH. Sl

P. H. Buhl
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APPENDIX 1
PROCEDURE FOR RECLAIMING CORROSIVE OILS

The procedure for reclaiming lead-corrosive oil that has been outlired
in this report is such that it may conveniently be employed in conventional
plant equipment. Assuming that a batch contact process is used, one part
of a suitable alumina equivalent to Alcoa chromatographic grade F-20,
is added to 10 parts by weight of oil. Somewhat iess alumina might be
required for O0ils "E" and "P", but this should be verified by laboratory
tests. It is important that the alumina be stored in a dry location before
use, The slurry should be agitated thoroughly, prefersbly by mechanical
stirring, for & minimum of three hours. The slurry is then filtered by any
conventional method which would assure that no fines pass into the filtrate.
Celite or other aids mey be employed to expedite filtration. With the use
of either pressure or suction during filtration, about 95 perceat recovery of
the original oil would be anticipated.

If & percolation procedure is preferred to the contact process described,
it may be substituted for the latter. However, the ratio of alumina to oil
mist be maintained as before, i.e., one to ten on a weight basis, at least as
regards 0il "A". As with the conmvect process, somewhat less alumina may be
required for the other oils.

]
2
PR
®




CARMLRCILI LIS Mt Shih Moo el e ot MUY Mt A St S SR My D KL g Aot ol 35 RO AL e A YT LA A A bl ALY RS e 4 Ny MO OEC Ry CTgapeal W Tl 2T 3 2 2 RO AL L A ORI LAd TN DAL S d )
T g T N G

P TR T

.
N T T
S WY MRS e e
et S e e

\ A

*'peqIJIOsep s ¢ pue ‘g ‘T seouenieg - st
. " *quewsatnbea
e.Epovvma.aomcoo.mﬁsﬁmmzvﬁ-Pnogwﬁv,gﬁoam.tpﬁs..n«m.wupﬁcﬁdmo:ﬁozoomp mm.ﬂonpnpomou*

UOT3BJIOTJISFOP JO 93835 podueApe Ue UT Sem 3T ‘uosTaeduod J0J pesnt ooy WoIF Wiy TTO
°p °N ‘ueruIT Jo Aumdinion TTO ®TLOUSd ou3 £q porrddns g, TTO
°f *N ‘uspuy] Jo °0p TTOQ Paepueqg ossg oy £q petrddns g, TTO

*P °N “faemey Jo °*op Aradng pue TTQ Ueotusuy oy} £q peyyddns u¥y TTO .
Juaut 08084~T~1IN
¢ -0gTnbax oy sanod sanod ¥G¢ Xew QQQ‘ET °‘uTWw Q°TT ‘UM O*¢ uoT3edoTIToedg
86°¢ sanod sanod FLET o9Tot ﬁ#.ﬁ ns°€ WMy TF0
oc 0 sanod sanod g1°ST 066°TT 26°€T 25°¢ wde TTO
Ao sanod sanod y A1 OET 2T 92°fT T19°¢ wdy TTO
xssed  Off°0 sanod sanod $e°sT SeTFOT LO°€T ME°E wVu 170

.«mma .oz.momwcpm.mnzmb .mombupm.m.E:.wnnm\.msw.nom.moo:omw..ooo.noo.nm
dutmeoy *gnay a3ex0qg quTod Jnog Ge sso] co.mpmncmgm do £9°:8008Tp

JPOATO08I 8y, STTO EOBL~I-TIN Jo setqsedoad TeoTwWeyy pue TeoTsAug

T oam3Td

s it ya




- RS, I

(rajeatqoe) mom.g OTYdBJIZ03BUOIYD FOE UITM POJEIIG we 4t
Avopgﬂomvmomi OTydessogemodyd 0T UITH POIEALG ~- 4

ARLETEN]

6L°0 06°0~ 011 85°0 69°0 00°1T 0°e 8SEOIOUT *ON °Jney
T°1- LT ¢+ €+ 1+ n+ ST# 03 G- mmSH e
. ¢ ©5¥0I0UT A}TBOOBTA
10 1°'0> T°0> €10t L0+ T°0> 20> umummye
T°0> 90°S- T°0> eto+ 1°0> T°0> 20> umyseusen ‘
T°0> T°0> 1°0> gT*0+ g1°0 + 10> 30> JI8ATTS
1°0> T°0> 1°0> 0+ 1°0> T°0> 20> Te038
T°0> ns°n- T°0> T°0> ot*o+ 0> o> xaddoo
e2uer(o 2%o/2u
89847 erE) TR0R
02 L*e 0t 1t 0% Mt 0°g ¢ uotqexodesg
e My TFO *p,%0u s® #*,V, T¥0 ‘p,d0a se ‘p,%8a se ‘p,%aa se uo T30 TIToedg
My TTO udy TTO wJ, TT0 oV TF0 8084111}

*SIY g4 X3F JAUNE 389 UOTIEPTXD-UOTSO0II0) JO S4TNSey

¢ eandty




J e RIVAg VS

= - ¢ amk«“.).,m, ¢ Aule
29 (Do0S5C B Po3BATIO®) . -
BUTUMTE SNOJpAyUe °d°0 JBYSTY § M 0T UM SI4 € I0) PoteITaY uVa TTO
gt (peatedau se)
BUTUMT® Snoaphijue °*J°*y I9YSTy ¢ 4 OT UITA saU € J03 poqestdy wVy TTO
9°0 (PeaTa0a sE) !
BUTUMTE °J°0 °*0p TEBOTWSY)H Telausn ¢ 4 QTUI™ SJay 9T 103 uo11e31dy uVu TTO 1
ST (PeaTeO8a SB)
BUTWNTE °d*D °Op TEeOTWayy Tesdusp ¥ 4 € UM 5aY 9T I0F UCT3E}THY wVy TFO
06 (900952 N.m pejeatqor) Butwnle -y BOOTY 9 M T U3t say € Jo0J peye3Tdy uVu TT0
89 PaATadaL s®€) euTUMT® -y ©00TYy 9 4 OT U™ say € J03 poqE31dy WV 110 A
85 (Do092 9 P9TBATIOR) BUTURITE TBITUYDSY JBUSTJ 9 qm QT U™ Say € I0J poqe3 Ty w¥y 110 H
L (poATOODX S®) BUTUNTER TBOTHYDSY JIBUST 9% M OT U™ 84y ¢ JI0J pug el Ty WV, 170 v :
2°0 (00092 %' PojeATiOR) BULMNTE OZ-Jd BOOTY 9% . OEUFLw EJY 9T J0F uot4e1dy oM, TTO '
*CML(00092 %' Pa1EBATIOR) BUTUNTE Q-4 BOOTY g A OTUFT SIU 9T I03 uot3elTdy W, TF0 .
*€T2 (00092 3© PejeAt1or) BUTUMTE (-4 BOOTY 9 WM € URTA Say 9T I0J uotqe} T3y Wk TFO
*0Le postTeOBa 8Y M, TTO
2°0 (PeATeOBL SB) BUTUNTE (g-J BOOTY & W4 QTUIPA SIU € 103 UOTREdidy ¥y TT0
1° o (00092 1® POjEBATIOR) BUTUMT® (Og-4 BOOTY g 4 QTUITM SIY QT J0F coﬂp.mpﬁw.« wVe TTO
§°C (00052 3® PajBATYNE) BuumTe (g~ BOITY g M m UITA say yT 203 uot}eyTdy wVe TTO
8°0 TaN 3e ederols sLep 09 udy TT0
2°s TN %® o8exo38 s£ep 09 wdy TTO
*69 TYN 3¢ odexo}s sLep (9 wVu TTO
T°0> poATedel Sy udy LTO .
Lot poATeded sy uwdn LFO
*T9 PoATe%8X 8Y wVi TFO
(xew) 0°9 quewsxtnbal 0g0BL-TI~TIN
uoTqeoTIToedg
Ncm\ Bu ‘sso] pesl Jueujeal], PITd
£9TATSOLIO) PO *Q°0°S U0 SJUSGIOSPY JO 40933d ’
£ aan3td
L]

i s s - e Sttt <onmsiiata e e e v e S ot oS mem e xa




2°0 m.om.g oTydeaBo3emoIyo PajeATIOR ¢ M 2 UTTH me

8°s yjaes § JISTINF PIjBATIO® g g Ui (¢
9*L €oofey snospluue % M 2 UITM (T)
- gsqueqIospe UM pejertde ¥, TTO
0°s 092 - S6T uotgoely °2
8°0 ™ S6T - OFT UOTIveId °*q
0 ™ OfT - O UoT3dBly °%®
yjaee s IE[TNF PereAT3oe Jo 3 OT 3ututeuop £T)
€L W ST ~ 0S€ uoTydRIi *V ’
1°0 W 0G€ - OET uotaoerd °q
0 ™ OET - -0 UOT3oedy *®
mow.nd otydesSoqeoIyd POJBATIOR JO 8 ot Sutuyejuo) (T)
: sumToo Uofidzospe ySnoayy pegerooxed .V, TTO
4 peatedes se [y, TT0

gUY/3u 8807 Pl SuoT4TpUOy TejuswTIody

989, UOTFOLIO) JTIBIS
£Ly3tagsoxxop vV, TTO 3O UOTHONPeY Uo S4USqIOSPE JO 900334
1 oamBT.1

[}




